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(57) ABSTRACT

A remote controlled actuator includes a spindle for holding a
tool, a spindle guide section of an elongated configuration, a
distal end member rotatably supporting the spindle, and a
drive unit housing connected to a base end of the spindle
guide section. The distal end member 1s fitted to the spindle
guide section for alteration in attitude. The spindle guide
section includes an outer shell pipe, a rotary shatt, and guide
pipe. Within the guide pipe, an attitude altering member 1s
inserted to alter the attitude of the distal end member. A
connection device detachably connects the spindle guide sec-
tion with the drive unit housing.
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REMOTE-CONTROLLED ACTUATOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional of U.S. patent application
Ser. No. 13/200,942, filed on Oct. 5, 2011, which 1ssued as
U.S. Pat. No. 8,573,090 on Nov. 35, 2013, which was a con-
tinuation application under 35 U.S.C §111(a) of International
Application No. PCT/IP2010/056304, filed Apr. 7, 2010,
which claims priority to a-Japanese Patent Application No.

2009-098713, filed Apr. 15, 2009, the entire disclosures of
which are herein incorporated by reference.

BACKGROUND

1. Field

The present invention relates to a remote controlled actua-
tor for use 1n medical and machine processing fields and

capable of changing the attitude of a machine tool.

2. Description of the Related Art

Remote controlled actuators are currently available; some
are used 1n the medical field for osteal treatment and some are
used 1n the mechanical processing field for drilling and cut-
ting. Any of those remote controlled actuators controls by
remote control a machine tool fitted to a distal end of an
clongated pipe of a linear or curved configuration. However,
since the conventional remote controlled actuator 1s designed
solely to control only the rotation of the machine tool by
remote control, difficulties have been encountered 1n process-
ing ol a complicated shape and processing at a site difficult to
view with eyes from the outside 1n the medical field. Also, in
the drilling process, the capability of processing not only the
linear line, but also the curved configuration 1s often required.
In addition, 1n the cutting process, the capability 1s required to
perform the process at a site deep 1n grooves. In the following,
description, conventional art and problems inherent 1n the
remote controlled actuator will be discussed with reference to
the medical field.

In the orthopedic field, the artificial joint replacement 1s
well known, 1n which a joint, of which bone has been abraded
by due to bone deterioration, i1s replaced with an artificial

joint. The joint replacement surgery requires a living bone of

a patient to be processed to enable an artificial joint to be
implanted. In order to enhance the strength of postoperative
adhesion between the living bone and the artificial joint, such
processing 1s required to be performed precisely and accu-
rately in conformity to the shape of the artificial joint.

By way of example, during the hip joint replacement sur-
gery, a thigh bone 1s opened to secure access of an artificial
joint into the femoral marrow cavity. In order to secure a
strength of contact between the artificial joint and the bone,
surfaces of contact of the artificial joint and the bore must be
large and so the opening for insertion of the artificial joint 1s
processed to represent an elongated shape extending deep
into the bone. As a medical actuator used in cutting the bone
in a manner described above, the actuator 1s known, in which
a tool 1s rotatably provided 1n a distal end of an elongated pipe
and, on the other hand, a drive source such as, for example, a
motor 1s mounted on a proximal end of the pipe so that the tool
can be driven through a rotary shatit disposed 1nside the elon-
gated pipe. (See, for example, Japanese Patent Publication
No. 2007-301149) Since 1n this type of medical actuator a
rotatable element that 1s exposed bare to the outside 1s only
the tool at the distal end of the elongated pipe, the tool can be
inserted deep into the bone.
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The surgical operation for artificial joint replacement gen-
erally accompanies skin incision and muscular scission. In

other words, the human body must be mmvaded. In order to
minimize the postoperative trace, 1t 1s quite often desirable
that the elongated pipe referred to above 1s not necessarily
straight, but 1s moderately curved. To meet this desire, the
following technique has hitherto been suggested. For
example, U.S. Pat. No. 4,466,429 discloses the elongated
pipe having its intermediate portion curved twice to displace
an axial position of the distal end of the pipe relative to the
longitudinal axis of the proximal end of the same pipe. To
make the axial position of the distal end of the pipe relative to
the longitudinal axis of the proximal end of the same pipe 1s
also known from other publications. Also, the U.S. Pat. No.
4,265,231 discloses the elongated pipe rotated by 180°.

I 1n a condition, 1n which the artificial joint 1s inserted nto
an artificial joint 1nsertion hole formed 1n the living bone, a
large gap exists between the living bone and the artificial
joint, a large length of time i1s required to accomplish the
postoperative adhesion between the living bone and the arti-
ficial joint and, therefore, 1t 1s considered desirable that the
gap should be as small as possible. Also, 1t 1s important that
respective surfaces of contact between the living bone and the
artificial joint be smooth, and accordingly, a high precision 1s
required 1n processing the artificial joint insertion hole. What-
ever shape the pipe takes, the working range of the tool 1s
limited by the shape of the pipe and, therefore, 1t 1s difficult to
process the artificial joint insertion hole so that the living bone
and the artificial joint may have smooth contact surfaces and,
yet, the gap between the living bone and the artificial joint
may be small while skin incision and muscular scission are
minimized at the same time.

In general, 1t 1s quite often that the patient’s bone, where an
artificial joint 1s to be implanted, exhibits a strength lowered
as a result of aging and, in a certain case, the bone 1tself 1s
deformed. Accordingly, the processing of the artificial joint
insertion hole 1s more difficult to achieve than generally con-
sidered.

It 1s to be noted that 1n the case of the medical actuator
having no elongated pipe used therein, a portion where the
tool 1s mounted can change 1ts attitude relative to a portion to
be gripped by hand (See, for example, Japanese Patent Pub-
lication No. 2001-017446), but nothing has yet been sug-
gested 1n the art that the attitude of the tool can be altered by
remote control.

SUMMARY

In view of the foregoing, the present invention has
attempted to provide a remote controlled actuator of a type, 1n
which the attitude of the tool coupled to the distal end can be
changed by remote control so that the processing of the arti-
ficial joint sertion hole can be relatively easily and accu-
rately performed. This 1s because 11 the attitude of the tool can
be changed, the tool can be maintained at a proper attitude
regardless of the shape of the pipe. It has, however, been
found that since the tool 1s connected to the distal end of the
clongated pipe, disposition of a mechanism for changing the
attitude of the tool 1s considerably limited and, therefore,
artifices are required to overcome those limitations.

For the surgery operation for artificial joint replacement,
for mstance, it 1s desirable to prepare a plurality of straight
pipes and curved pipes with various curve configurations and
to select among them a pipe with an optimal shape to conform
to the shape of the bone of a patient which 1s an object to be
cut. In the case of a construction 1n which a pipe and a drive
unit containing, for example, a rotary drive source are inte-
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grated with each other, such a selective use of a plurality of
pipes will inevitably lead to the simultaneous exchange of the
pipe and the drive unit with good conformation to the shape of
the object to be cut. Also, with a medical actuator used 1n a
surgical mstrument for the surgery operation for artificial
joint replacement, its pipe needs to be sterilized as 1t 1s
inserted 1nto a patient’s body. In the case of the construction
in which the pipe section and the drive unit containing, for
example, the rotary drive source are integrated with each
other, 1ts main body needs to have a complete sealing struc-
ture 1n order to prevent the inside electronic components from
failing during the sterilization procedures, thereby resulting
in a complicated structure. For these reasons, it 1s desired that
the pipe section and the drive unit can be easily detached from
and coupled with each other.

An object of the present invention 1s to provide a remote
controlled actuator that can alter the attitude of a tool pro-
vided at a tip end of an elongated pipe and that also allows a
simple exchange of a spindle guide section formed as such a
pipe as well as exclusive treatments or modifications to the
spindle guide section.

A remote controlled actuator according to the present
invention includes a spindle guide section of an elongated
configuration, a distal end member fitted to a tip end of the
spindle guide section through a distal end member connecting
unit for alteration in attitude, and a drive unit housing to
which a base end of the spindle guide section 1s connected.
The distal end member rotatably supports a spindle for hold-
ing a tool. The spindle guide section includes a rotary shait for
transmitting rotation of a tool rotating drive source, provided
within the drive unit housing, to the spindle, a guide hole so as
to extend to opposite ends thereof, and an attitude altering
member reciprocally movably inserted within the guide hole
for altering the attitude of the distal end member. The attitude
altering member 1s, while a tip end thereof 1s held 1n contact
with the distal end member, selectively advanced or retracted
one at a time. An attitude altering drive source for selectively
advancing or retracting the attitude altering member 1s pro-
vided within the drive umit housing. A connection device 1s
provided for detachably connecting the spindle guide section
with the drive unit housing.

According to the above described construction, as a result
of rotation of the tool fitted to the distal end member, cutting
of the bone or the like takes place. In such case, when the
attitude altering member 1s selectively advanced and retracted
one at a time by the attitude altering drive source, the tip end
of the attitude altering member works on the distal end mem-
ber to allow the attitude of the distal end member, fitted to the
tip end of the spindle guide section through the distal end
member connecting unit for alteration 1n attitude, to alter. The
attitude altering drive source 1s provided within the drive unit
housing on the base end side of the spindle guide section and
the alteration of the attitude of the distal end member 1s
carried out by remote control. Since the attitude altering
member 1s passed through the guide hole, the attitude altering,
member can work on the distal end member properly at all
time without being displaced 1n a direction transverse to the
longitudinal direction thereot, and the operation to alter the
attitude of the distal end member takes place accurately.

Since the connection device detachably connects the
spindle guide section with the drive unit housing, spindle
guide sections with various configurations can selectively be
mounted to a single drive unit housing to achieve good con-
formation of so selected spindle guide section to the shape of
an object to be cut. Furthermore, the easy detachment of the
spindle guide section from the drive unit housing will allow,
for example, 1n application as a surgery instrument for the
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surgery operation for artificial joint replacement, an exclusive
sterilization of the spindle guide section that contacts the
interior of a patient’s body. On the other hand, as for the drive
unmit housing that does not contact the interior of a patient’s
body, a cover or the like will suffice during the surgery. In this
way, reduction in the number of parts used in the remote
controlled actuator as a whole as well as cost reduction can be
achieved.

In the present ivention, preferably, the rotary shaft may
include an 1inside-guide-section portion disposed in the
spindle guide section and an inside-housing portion disposed
in the drive unit housing, and the inside-guide-section portion
and the 1nside-housing portion may be coupled by a coupling
so as to be detachable from each other 1n an axial direction of
the rotary shait and to transmit a rotation about an axis of the
rotary shaft. Since the inside-guide-section portion and the
inside-housing portion of the rotary shaft are connected with
cach other by means of the coupling, the rotation of the tool
rotation drive source within the drive unit housing can assur-
edly be transmitted to the spindle guide section even when the
guide spindle section and the drive unit housing are detach-
able from each other.

In the present invention, preferably, the spindle guide sec-
tion may include an end portion proximal to the drive unit
housing, with the end portion being provided with a flange
section detachably connected to the drive unit housing. In this
case, the connection device may include a plurality of bolts
that connect the flange section with the drive unit housing.

Alternatively, the drive unit housing may include a surface,
that faces the spindle guide section, formed with an annular
protrusion, and the annular protrusion may have an inner
periphery to which the flange section 1s mated and an outer
periphery having a threaded portion. In this case, the connec-
tion device may include a nut member having a bottom por-
tion provided with an opening 1n the center portion thereof,
into which opening the spindle guide section 1s inserted, and
a bottom surface around the opening for abutment to an end
surface of the flange section that faces away from the drive
unit housing. The nut member may be threadingly mounted
onto the threaded portion so as to connect the flange section
with the drive unit housing.

The flange section provided at the spindle guide will facili-
tate the detachment between the spindle guide section and the
drive unit housing, resulting in enhanced connection/detach-
ment operability. In particular, the use of the bolts or the nut
member to connect the flange section with the drive umit
housing will result 1n more enhanced connection/detachment
operability and will also provide a simplified but inexpensive
structure.

In the present mvention, preferably, a phase alignment
mechanism may be provided for aligming phases of the
spindle guide section and of the drive unit housing about an
axis of the rotary shaft with each other, and the phase align-
ment mechanism may be disposed at a connecting portion
where the spindle guide section and the drive unit housing are
connected.

Such a phase alignment mechanism will facilitate the
alignment of the phase of the attitude altering member about
the axis of the rotary shait relative to the drive unit housing,
enabling smooth advancement and retraction of the attitude
altering member. Also, when the connection device may
include a thread mechanism by which the spindle guide sec-
tion and the drive unit housing are connected on rotating them
relative to each other about the axis of the rotary shatt, the
alignment of the phase of the spindle guide section relative to
the drive unit housing can be facilitated, resulting in an
enhanced connection/detachment operability.
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In the present invention, preferably, the spindle guide sec-
tion and the drive unit housing may define a space therebe-
tween filled with a pressurized air, and the space may form a
pressurized region with a pressure higher than that of inside of
the spindle guide section and higher than that of inside of the
drive unit housing.

The pressurized region formed between the spindle guide
section and the drive unit housing will prevent coolant liquids
and lubricants used 1n the spindle guide section from entering
into the drive unit housing. Configuring the space at a con-
nection or a connecting portion, where the base end of the
spindle guide section and the drive unit housing are con-
nected, such that it forms a pressurized region will not need to
provide additional spaces for a pressurized region, resulting,
in a stmplified structure.

Where a bearing 1s provided for rotatably supporting the
rotary shaft within the spindle guide section, preferably, a
cooling unit may be provided for cooling the bearing with a
coolant liquid flowing 1nside the spindle guide section.

Component parts including, for example, the spindle for
rotating the tool and the rotary shaft emit heat by the effect of
friction taking place during rotation thereof. The emitting
heat so evolved results 1n heating of the bearing. The use of
the cooling unit 1s effective to cool the bearing and a heated
site of those component parts with the coolant liquid. It the
coolant liquid 1s allowed to flow through the inside of the
spindle guide section, the spindle guide section can be sim-
plified and downsized with no need to employ any extra tube
tor the supply of the coolant liquid.

In addition, an effect to lubricate the bearing with the
coolant liquid 1s appreciated. If the coolant liquid 1s concur-
rently used for lubrication of the bearing, there 1s no need to
use such a grease or the like as generally employed 1n the
standard bearings and, yet, there 1s no need to use an extra
lubricating device.

A cooling unit may be provided for cooling the tool with a
coolant liquid flowing inside the spindle guide section or with
a coolant liquid supplied from an outside.

During the processing, the tool and the object to be pro-
cessed tend to emit heat. The use of the cooling unit 1s effec-
tive to cool the tool and the object to be processed with the
coolant liquid.

Preferably, the coolant liquid may include water or saline.

Such a coolant liquid that includes water or saline will not
give a harmiul effect on a biological body when the distal end
member 1s 1nserted 1nto the biological body to perform some
processing.

In the present invention, the spindle guide section may
include a curved portion.

Even with such a curved portion at the spindle guide sec-

tion, the attitude altering member can be advanced or
retracted within the guide hole for 1ts tlexibility.

BRIEF DESCRIPTION OF THE DRAWINGS

In any event, the present invention will become more
clearly understood from the following description of pre-
terred embodiments thereof, when taken in conjunction with
the accompanying drawings. However, the embodiments and
the drawings are given only for the purpose of 1llustration and
explanation, and are not to be taken as limiting the scope of
the present invention 1n any way whatsoever, which scope 1s
to be determined by the appended claims. In the accompany-
ing drawings, like reference numerals are used to denote like
parts throughout the several views, and:
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FIG. 1A 1s a diagram showing a schematic structure of a
remote controlled actuator according to a first preferred
embodiment of the present invention;

FIG. 1B 1s a diagram showing a schematic structure of a
remote controlled actuator according to a first preferred
embodiment of the present invention, in which the remote
controlled actuator includes a spindle guide section with a
shape different from the one 1 FIG. 1A;

FIG. 2A 1s a longitudinal sectional view showing a distal
end member and a spindle guide section both employed in the
remote controlled actuator of FIG. 1A;

FIG. 2B 1s a cross sectional view taken along the line
IIB-IIB 1n FIG. 2A;

FIG. 2C 1s a diagram showing a structure for coupling the
distal end member and a rotary shait together;

FIG. 3A 1s a cross sectional view of a tool rotating drive
mechanism and an attitude altering drive mechanism of the
remote controlled actuator;

FIG. 3B 1s a cross sectional view taken along the line
[IIB-IIIB 1n FIG. 3A;

FIG. 4 1s a cross sectional view of the connection between
the spindle guide section and a drive unit housing of the
remote controlled actuator, with the connection being disas-
sembled;

FIG. SA 1s a top view showing a coupling in the remote
controlled actuator;

FIG. 5B 1s a cut-away side view of the coupling;

FIG. 5C 1s a fragmentary view taken 1n the direction of an
arrow VC-VC 1n FIG. 5A;

FIG. 5D 1s a fragmentary view taken 1n the direction of an
arrow VD-VD 1n FIG. 5A;

FIG. 6 1s a cross sectional view of the connection between
the spindle guide section and a drive unit housing of another
remote controlled actuator, with the connection being disas-
sembled;

FIG. 7 1s a schematic diagram showing a remote controlled
actuator with a cooling unait;

FIG. 8 1s a cross sectional view of the connection between
the spindle guide section and a drive unit housing of the
remote controlled actuator;

FIG. 9A 1s a longitudinal sectional view showing a distal
end member and a spindle guide section, both employed in a
remote controlled actuator according to a second preferred
embodiment of the present invention;

FIG. 9B 1s a cross sectional view taken along the line
IXB-IXB in FIG. 9A;

FIG. 10A 1s a longitudinal sectional view showing a distal
end member and a spindle guide section, both employed 1n a
remote controlled actuator according to a third preferred
embodiment of the present invention;

FIG. 10B 1s a cross sectional view taken along the line
XB-XB in FIG. 10A;

FIG. 11A 1s a cross sectional view of a tool rotating drive
mechanism and an attitude altering drive mechanism of the
remote controlled actuator;

FIG. 11B 1s a cross sectional view taken along the line
XIB-XIB m FIG. 11A;

FIG. 12A 1s a longitudinal sectional view showing a distal
end member and a spindle guide section, both employed 1n a
remote controlled actuator according to a fourth preferred
embodiment of the present invention;

FIG. 12B 1s a cross sectional view taken along the line
XIIB-XIIB 1n FIG. 12A;

FIG. 13 A 15 a longitudinal sectional view showing a distal
end member and a spindle guide section, both employed 1n a
remote controlled actuator according to a fifth preferred
embodiment of the present invention;
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FIG. 13B 1s a cross sectional view taken along the line
XIIIB-XIIIB 1n FIG. 13A;

FI1G. 13C 1s a view of the housing of the distal end member,
as seen from the base end thereof;

FI1G. 14 A 1s a longitudinal sectional view showing a distal
end member and a spindle guide section, both employed 1n a
remote controlled actuator according to a sixth preferred
embodiment of the present invention; and

FIG. 14B 1s a cross sectional view taken along the line
XIVB-XIVB 1n FIG. 14A.

DESCRIPTION OF EMBODIMENTS

A first preferred embodiment of the present invention will
now be described with particular reference to F1G. 1A to FIG.
5D. Referrning to FIGS. 1A and 1B, a remote controlled actua-
tor according to the first embodiment of the present invention
includes a distal end member 2 for holding a rotary tool 1, a
spindle guide section 3 of an elongated configuration having
a distal end to which the distal end member 2 1s coupled for
displacement 1n attitude, a drive unit housing 4a to which a
proximal end of the spindle guide section 3 1s connected, and
a controller 3 for controlling a tool rotating drive mechanism
4b and an attitude altering drive mechanism 4¢, both accom-
modated within the drive unit housing 4a. The drive umit
housing 4a cooperates with the built-in tool rotating drive
mechanism 456 and attitude altering drive mechanism 4c¢ to
form a drive unit 4. The drive unit housing 4a 1s detachably
connected to a proximal, base end of the spindle guide section
3 by one or more bolts 51, which functions as a connection
device. FIGS. 1A and 1B show the remote controlled actuator
with respective spindle guide sections 3 of different configu-
rations.

FIG. 2A 1s a longitudinal sectional view showing the distal
end member 2 and the spindle guide section 3. The distal end
member 2 includes a generally or substantially cylindrical
housing 11 and a spindle 13 rotatably accommodated within
such cylindrical housing 11 through a pair of bearings 12. The
spindle 13 1s of a tubular shape having a distal side opening
and has a hollow defined therein, and a tool 1 1s drivingly
coupled with the spindle 13. Specifically, a shank portion 1a
of the tool 1 1s mserted into the hollow of the spindle 13 and
1s then coupled with such spindle 13 by means ot a stop pin 14
for rotation together with the spindle 13. The distal end mem-
ber 2 of the structure described above 1s coupled with a distal
end of the spindle guide section 3 through a distal end mem-
ber coupling unit 15. The distal end member coupling unit 15
supports the distal end member 2 for displacement 1n attitude
and 1s comprised of a spherical bearing. More specifically, the
distal end member coupling unit 15 includes a gmded mem-
ber 11a 1n the form of an mner diameter reduced portion at a
base end of the housing 11, and a gmide member 21a 1n the
form of a collar integral with a constraint member 21 fixed to
the tip of the spindle guide section 3. The guided member 114
and the guide member 21a have respective guide faces F1 and
F2 that are held 1n sliding contact with each other, and those
guide faces F1 and F2 have respective centers of curvature
lying at a point O on the center line or longitudinal axis CL of
the spindle 13, having their diameters being reduced towards
the base end of the spindle 13. Accordingly, not only can the
distal end member 2 be immovably constrained relative to the
spindle guide section 3, but 1t can also be supported for
displacement 1n attitude so that the attitude of the distal end
member 2 can be altered.

The spindle guide section 3 includes a rotary shaft 22 for
transmitting a rotational force exerted by a tool rotating drive

source 41 (FIGS. 3A and 3B) accommodated within the drive
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unit housing 4a. In the illustrated example, the rotary shaft 22
1s employed 1n the form of a wire capable of undergoing
deformation to a certain extent. Material for the wire includes,
for example, metal, resin or glass fiber. The wire may be either
a single wire or a stranded wire. As best shown in FIG. 2C, the
spindle 13 and the rotary shaft 22 are coupled together by
means of a universal joint 23 for transmitting rotation from
the rotary shaft 22 to the spindle 13. The universal joint 23 1s
made up of a groove 13a, defined 1n a closed base end of the
spindle 13, and of a projection 22a defined 1n a distal end of
the rotary shait 22 and engageable in the groove 13a. The
center of joint between the groove 13a and the projection 22qa
1s located at the same position as the centers of curvature O of
the guide faces F1 and F2. It 1s, however, to be noted that the
rotary shaft 22 and the projection 22a may be formed of
members separate from each other.

The spindle guide section 3 includes an outer shell pipe 25
which forms an outer shell for the spindle gmide section 3. The
outer shell pipe 25 has a hollow extending to opposite ends
thereof, which hollow 1s made up of a round hole portion 24a
at a center portion thereof and three grooved portions 245
radially outwardly depressed from respective circumierential
locations of an outer periphery of the round hole portion 24a,
which locations form a 120° phase relative to each other, as
shown 1n FIG. 2B. A peripheral wall of a tip end of each of
those grooved portions 245 represents a semicircular shape in
section. By way of example, the outer shell pipe 235 has an
outer diameter within the range of 8 to 10 mm and, also, an
inner diameter at a location other than the grooved portions
24b that 1s within the range of 3 to 5 mm. Also, as material for
the outer shell pipe 25, stainless steel or titantum or the like 1s
suitably used.

Since the outer shell pipe 25 1s chosen to have such a
sectional shape as shown and described above, the wall thick-
ness t of the outer shell pipe 25 at the location other than the
grooved portions 2456 can be increased. Accordingly, the geo-
metric moment of inertia of the outer shell pipe 25 can be
rendered to be 2 or more of a solid shait of the same outer
diameter. For example, in the case of the solid shaft of 8 mm
in outer diameter made of a stainless steel material, the geo-
metric moment of inertia is about 200 mm™.

The rotary shaft 22 1s arranged within the round hole por-
tion 24a of the hollow 24. The rotary shaft 22 so positioned 1s
rotatably supported by a plurality of rolling bearings 26 posi-
tioned spaced a distant apart from each other 1n a direction
axially of the spindle guide section 3, as shown 1n FIG. 2A.
Between the neighboring rolling bearings 26, spring elements
27A for generating a preload on the inner rings of the corre-
sponding rolling bearing 26 and spring elements 278 for
generating the preload on the outer rings of the corresponding
rolling bearings 26 are alternately disposed relative to each
other. Those spring elements 27A and 27B may be employed
in the form of, for example, compression springs. The con-
straint member 21 referred to previously 1s fixed to a pipe end
portion 254 of the outer shell pipe 25 by means of a fixing pin
28 and has 1ts distal end 1nner peripheral portion supporting a
distal end of the rotary shaft 22 through a rolling bearing 29.
It 1s, however, to be noted that the pipe end portion 25a may
be a member separate from the outer shell pipe 25 and may
then be connected with the outer shell pipe 25 by means of, for
example, welding.

The grooved portions 2456 of the hollow 24 are provided
with a hollow guide pipe 30 extending to opposite ends
thereof. Within a guide hole 30a which 1s an iner diametric
hole of this guide pipe 30, an attitude altering or operating
member 31 1s reciprocally movably inserted. In the instance
as shown, the attitude altering member 31 1s 1n the form of a
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wire 31a and pillar shaped pins 315 connected to a tip end of
the wire 31a. The attitude altering member 31 has a tip end
representing a spherical shape which 1s held 1n contact with a
bottom face of a radial groove portion 115 formed 1n a base
(or proximal) end face of the housing 11. The radial groove
portion 115 of the housing 11 1s rendered to be an inclined
face having 1ts outer diametric side closer to the side of the
spindle guide section 3. The other of the pillar shaped pins
31bthat 1s closer to the drive unit housing 4a also has a tip end
representing a spherical shape which 1s held 1n contact with a
lateral surface of a pivot lever 435 (FI1G. 3A) which will be
explained 1n detail later.

The tool rotating drive mechanism 46 and the attitude
altering drive mechanism 4c¢, both housed within the drive
unit housing 4a, are best shown 1n FIGS. 3A and 3B. The tool
rotating drive mechamism 45 makes use of a tool rotating
drive source 41. This tool rotating drive source 41 1s 1n the
form of, for example, an electric motor, having 1ts output shaft
41a coupled with a base end or proximal end of the rotary
shaft 22. The rotary shait 22 extends through an opening 44
defined 1n the pivotlever 435 which will be explained in detail
later.

The attitude altering drive mechanism 4¢ makes use of
three attitude altering drive sources 42 (42U, 421, 42R) that
are associated, respectively, with the attitude altering mem-
bers 31 (31U, 31L, 31R) such as shown in FIG. 2B. The

attitude altering drive sources 42 may be 1n the form of, for
example, electrically operated linear actuator having an out-
put rod 42a, the movement of the output rod 42a in one of
leftward and rightward directions on the drawing plane of
FIG. 3A one at a time being transmitted to the corresponding
attitude altering member 31 through a force increasing and
transmitting mechanism 43. The force increasing and trans-
mitting mechanism 43 includes pivot levers 435 (435U, 4351,
43bR) pivotable about a support pin 43a and 1s so designed
and so configured as to allow a force of the output rods 42a to
work on a working point P1 of the levers 435, which are
respectively spaced a long distance from the support pin 43a,
and as to apply a force to the attitude altering members 31 at
a Torce point P2, which are spaced a short distance from the

support pin 43a, wherelore the outputs of the attitude altering
drive sources 42 can be increased and then transmitted to the
attitude altering members 31. Since the use of the force
increasing and transmitting mechanism 43 1s effective to
enable a large force to be applied to the attitude altering
members 31 even 1n the linear actuator of a low output capa-
bility, the linear actuator can be downsized. The attitude alter-
ing drive sources 42 may be rotary motors. Alternatively,
instead of the use of linear actuators or the like, the attitude of
the distal end member 2 may be manually operated from a
remote site by remote control.

The attitude altering drive mechanism 4¢ 1s provided with
operating amount detectors 45 (45U, 451, 45R) for detecting
the operating amount of the corresponding attitude altering
drive sources 42 (42U, 421, 42R ) independent of each other.
The detection values outputted from these operating amount
detectors 45 are outputted to an attitude detector 46. The
attitude detector 46 1s operable to detect the attitude inclined
about the X-axis and Y-axis (FIG. 2B) of the distal end mem-
ber 2. The attitude detector 46 includes a relation setting unit
(not shown), 1n which the relation between the output signal
of the operating amount detector 45 and the attitude of the
distal end member 2 1inclined 1s set 1n terms of an arithmetic
equation or table, and makes use of the relation setting means
to detect the inclination 1n attitude 1n reference to the output
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signal mputted. This attitude detector 46 may be provided
either 1n the controller 5 (FIG. 1A) or 1n an external control
device.

Also, the attitude altering drive mechanism 4c¢ 1s provided
with supply power meters 47 (47U, 471, 47R) for detecting
the electric energy supplied to the corresponding attitude
altering drive sources 42 (42U, 421, 42R ), which are electri-
cally operated actuators, independent of each other. The
detection values of these supply power meters 47 are output-
ted to a load detector 48. This load detector 48 in turn detects
a load acting on the distal end member 2 in reference to the
outputs of the supply power meters 47. This load detector 48
includes a relation setting unit (not shown), in which the
relation between the load and the output signal of the supply
power meter 47 1s set in terms of an arithmetic equation or
table, and makes use of the relation setting unit to detect the
load 1n reference to the output signal so mputted. This load
detector 48 may be provided either 1n the controller 5 (FIG.
1A) or 1n an external control device.

The controller 5 (FIG. 1A) referred to above 1s operable to
control the tool rotation drive sources 41 and the attitude
altering drive sources 42, based on the respective detection
values outputted by the attitude detector 46 and the load
detector 48.

FIG. 4 shows the structure of the connection between the
spindle guide section 3 and the drive unit housing 4, with the
connection being disassembled. As shown 1n FIG. 4, the base
end of the spindle guide section 3 1s provided integrally with
a flange section 50, to which the drive unit housing 4a 1s
connected by means of a plurality of bolts 51 which function
as a connection device. More specifically, the flange section
50 1ncludes one base end surface, confronting the drive unit
housing 4a, formed with a protrusion 50q 1n the center portion
thereol. The tlange section 50 1s connected with the drive umit
housing 4a by {itting the protrusion 30a to a cavity 52 formed
in the drive unit housing 4a. The cavity 52 includes a bottom
portion formed with a central through hole 53 that penetrates
through the bottom portion to the other side and that 1s
adapted for the insertion of the rotary shaft 22 and also
includes eccentric through holes 54 for the insertion of the
respective attitude altering members 31. The plurality of bolts
51 are distributed 1n a circumierential direction of the flange
section 30 and each of the bolts 51 has a head 51a and a shank
5156 with the head 51a being 1n contact with the other surface
of the flange section 30 facing away from the drive unit
housing 4a and the shank 515 being imnserted 1n a bolt insertion
hole 55 of the tlange section 50 to screw onto the correspond-
ing threaded hole 56 formed 1n the drive unit housing 4a.
Although, 1n the 1llustrated example, the flange section 50 1s
a member separate from the outer shell pipe 25 of the spindle
guide section 3, the flange section 50 may be formed 1n
one-piece or integrally with the outer shell pipe 25.

At a connection or a connecting portion where the rotary
shaft 3 and the drive unit housing 4a are connected with each
other, a phase alignment mechanism 57 1s provided for align-
ing the phase of the attitude altering member 31 on the side of
the spindle guide section 3 and the phase of the holes 54 on the
side of the drive unit housing 4a about an axis defined by the
rotary shaft 22. The phase alignment mechanism 57 includes
a phase alignment pin 38 that protrudes from the base end
surface of the flange section 50 and a corresponding phase
alignment hole 59 formed in the drive unit housing 4a to
which the tip end of the phase alignment pin 1s adapted to be
inserted.

The rotary shaft 22 includes an 1nside-guide-section por-
tion 2256 disposed 1n the spindle guide section 3 and an 1nside-
housing portion 22¢ disposed 1n the drive unit housing 4a.
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The 1nside-guide-section portion 225 and the inside-housing
portion 22¢ are coupled by a coupling 60 so as to be detach-
able from each other 1n an axial direction o the rotary shaft 22

and to transmit a rotation about an axis of the rotary shaft 22.
As shown 1 FIGS. 5A to 5D, the coupling 60 includes a

guide-section-side coupling body 60q fixedly mounted to the
axial end of the mside-guide-section portion 225 of the rotary
shaft 22 and a housing-side-coupling body 605 fixedly
mounted to the axial end of the 1nside-housing portion 22¢ of
the rotary shaft 22. Fixation between the inside-guide-section
portion 225 and the guide-section-side coupling body 60a
and fixation between the 1nside-housing portion 22¢ and the
housing-side-coupling body 6056 may be performed, for
example, by press-fitting. The guide-section-side coupling
body 60a includes an end surface, conironting the housing-
side-coupling body 6056, formed with an engagement groove
61 therein, while the housing-side-coupling body 605
includes an end surface, confronting the guide-section-side-
coupling body 60a, formed with an engagement protrusion
62. The engagement between the engagement groove 61 and
the engagement protrusion 62 with the spindle guide section
3 and the drive unit housing 4a being connected with each
other allows the transmission of rotation from the housing-
side-coupling body 6056 to the guide-section-side-coupling
body 60a.

The operation of the remote controlled actuator of the
construction hereinabove described will now be described 1n
detail.

When the tool rotating drive source 41 as shown 1n FIG. 3A
1s driven, the rotational force thereof 1s transmitted to the
spindle 13 through the rotary shaft 22 to thereby rotate the
tool 1 together with the spindle 13. The load acting on the
distal end member 2 when the tool 1 then being rotated cuts a
bone or the like 1s detected from the detection value of the
supply power meter 47 by the load detector 48. Accordingly,
when the amount of feed of the remote controlled actuator in
its entirety and the alteration of attitude of the distal end
member 2, as will be described later, are controlled 1n depen-
dence on the value of the load detected in the manner
described above, cutting of the bone can be properly carried
out while the load acting on the distal end member 2 is
maintained properly.

During operation, the three attitude altering drive sources
42 (42U, 421, 42R) such as shown 1n FIG. 3B are driven for
the cooperative advancement and retraction of the respective
attitude altering members 31 (31U, 311, 31R) such as shown
in FIG. 2B, to drive the distal end member 2 to alter the
attitude thereof.

By way of example, when one of the attitude altering
members 31U 1s advanced towards the distal, tip end side
while the other two attitude altering members 311 and 31R
are retracted, the housing 11 for the distal end member 2 1s
pressed by the upper attitude altering member 31U to allow
the distal end member 2 to be altered 1n attitude along the
guide surfaces F1 and F2 with the distal, tip end side conse-
quently oriented downwardly as viewed 1n FIG. 2A. At this
time, those attitude altering drive sources 42 are controlled so
that the amount of advance or retraction of each of the attitude
altering members 31 may become proper. On the other hand,
when each of those attitude altering members 31 1s retracted
or advanced, the housing 11 for the distal end member 2 1s
pressed by the attitude altering members 311 and 31R, which
are shown on lower left and lower right sides, and, conse-
quently, the distal end member 2 1s altered 1n attitude along
the guide surfaces F1 and F2 with the tip end side oriented
upwardly as viewed 1n FIG. 2A.
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Also, when while the attitude altering member 31U on the
upper side 1s held still, the attitude altering member 31L on
the left side 1s advanced towards the tip end side and the
attitude altering member 31R on the right side 1s retracted, the
housing 11 for the distal end member 2 1s pressed by the
attitude altering member 31L on the left side to allow the
distal end member 2 to be oriented rightwards, that 1s, to be
altered 1n attitude along the guide surtaces F1 and F2 with the
distal end member 2 oriented towards a rear side of the sheet
of the drawing of FIG. 2A. Conversely, when the attitude
altering members 311 and 31R on the left and right sides are
advanced and retracted, the housing 11 for the distal end
member 2 1s pressed by the attitude altering member 31R on
the right side, allowing the distal end member 2 to be altered
in attitude so that the distal end member 2 can be guided along
the guide surfaces F1 and F2 so as to be oriented leftwards.

The use of the attitude altering members 31 at the three
circumierential locations as heremabove described 1s effec-
tive to allow the distal end member 2 to be altered 1n attitude
in two axis directions (X-axis and Y-axis directions) upwardly
or downwardly and leftwards or rightwards. At this time,
respective pressures from the three attitude altering members
31 and the reactive force from the constraint member 21 act
on the distal end member connecting umt 135 and, therefore,
the attitude of the distal end member 2 1s determined in
dependence on the balance of those working forces. Accord-
ing to the above described construction, since the housing 11
for the distal end member 2 1s pressed by the three attitude
altering members 31, the attitude stability of the distal end
member 2 can be further increased.

Since the base end face 115 of the housing 11 of the distal
end member 2 1s rendered to be an inclined face having 1ts
outer diametric side closer to the side of the spindle guide
section 3, the base end face 115 of the housing 11 can be
casily slid relative to the attitude altering members 31 when
the attitude altering members 31 are pressing the base end
face 115 of the housing 11, resulting in a smooth attitude
alteration of the housing 11.

Since the attitude altering member 31 1s inserted through
the guide hole 30a of the guide pipe 30, the attitude altering
member 31 can properly act on the distal end member 2 at all
times without being accompanied by displacement 1n posi-
tion 1n a direction perpendicular to the lengthwise direction
thereol and the attitude altering operation of the distal end
member 2 can therefore be performed accurately. Also, since
the attitude altering member 31 1s made up of a wire and has
a flexible property, the attitude altering operation of the distal
end member 2 1s carried out accurately even when the spindle
guide section 3 1s curved. In addition, since the center of the
junction between the spindle 13 and the rotary shatt 22 lies at
the same position as the respective centers of curvature O of
the guide faces F1 and F2, no force tending to press and pull
will not act on the rotary shaft 22 as a result of the alteration
of the attitude of the distal end member 2 and the distal end
member 2 can be smoothly altered 1n attitude.

The remote controlled actuator of the foregoing construc-
tion 1s utilized 1n grinding the femoral marrow cavity during,
for example, the artificial joint replacement surgery and dur-
ing the surgery, 1t 1s used with the distal end member 2 1n 1ts
entirety or a part thereof mserted into the body of a patient.
Because of this, with such distal end member 2 as described
above that can be altered 1n attitude by remote control, the
bone can be processed 1n a condition with the tool 1 main-
tamned 1n a proper attitude at all times and the opening for
insertion of the artificial joint can be finished accurately and
precisely.
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Since the spindle guide section 3 of the elongated shape
includes the rotary shait 22 provided in the center portion of
the outer shell pipe 25 as shown 1n FIG. 2B, and the guide
pipes 30, 1n which the respective attitude altering members 31
are accommodated, while the guide pipes 30 are arranged
around the rotary shaft 22 so as to be juxtaposed in the
circumierential locations spaced 120° in phase from each
other, the arrangement balance of the rotary shaft 22 and the
guide pipes 30 1s improved. Since the outer shell pipe 25 has
a large wall thickness at its principal portion other than the
grooved portions 24b, the rigidity (geometric moment of
inertia) of the spindle guide section 3 1s high. For this reason,
not only can the positioning accuracy of the distal end mem-
ber 2 be increased, but the cutting capability can also be
increased. Also, since the guide pipes 30 are arranged 1n the
respective grooved portions 24b, positioning of the guide
pipes 30 1n the circumierential direction can be facilitated,
resulting in a good assemblability.

As shown 1n FIG. 2 A, since the outer diametric surtaces of
the rolling bearings 26 supporting the rotary shaft 22 are
supported by the guide pipes 30, the outer diametric surfaces
of therolling bearings 26 can be supported with no need to use
any extra member. Also, since the preload 1s applied to the
rolling bearings 26 by means of the spring elements 27A and
278, the rotary shatt 22 comprised of the wire can be rotated
at a high speed. Because of that, the processing can be accom-
plished with the spindle 13 rotated at a high speed and a good
finish of the processing can also be obtained and the cutting
resistance acting on the tool 1 can be reduced. Since the spring
clements 27A and 27B are disposed between the neighboring
rolling bearings 26, the spring elements 27A and 27B can be
provided with no need to increase the diameter of the spindle
guide section 3.

The detachable connection between the spindle guide sec-
tion 3 and the drive unit housing 4a by means of the connec-
tion device 1n the form of bolts 51 will allow the selective
mounting of spindle guide sections 3 with various configura-
tions as shown in FIGS. 1A and 1B for good conformation to
the shape of the object to be cut. Furthermore, the easy
detachment of the spindle guide section 3 from the drive unit
housing 4a will allow, for example, 1n application as a surgery
instrument for the surgery operation for artificial joint
replacement, an exclusive sterilization of the spindle guide
section 3 that contacts the interior of a patient’s body. On the
other hand, as for the drive unit housing 4a that does not
contact the interior of a patient’s body, a cover or the like will
suifice during the surgery. In this way, reduction in the num-
ber of parts used 1n the remote controlled actuator as a whole
as well as cost reduction can be achieved.

Especially, 1n this first preferred embodiment, the tflange
section 30 provided at the base end of the spindle guide
section 3 will facilitate the detachment between the spindle
guide section 3 and the drive unit housing 4a, resulting in an
enhanced connection/detachment operability. Also, the use of
bolts 51 as the connection device will result 1n more enhanced
connection/detachment operability and will also provide a
simplified but mnexpensive structure.

It 1s desirable to prepare a plurality of spindle guide sec-
tions 3 of various configurations including, 1n addition to
those of straight configurations, those of curved configura-
tions with different degrees of curves. The spindle guide
section 3 may be of a configuration having a uniform radius of
curvature throughout 1ts extension or may be of a configura-
tion partially having a radius of curvature different from the
rest of 1ts extension. Alternatively, the spindle guide section 3
may be of a configuration having a partially curved portion.
For the spindle guide section 3 of a curved configuration, the
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outer shell pipe 25, the guide pipe 30 and a reinforcement
shaft 34 (as shown 1n, for example, FIGS. 9A and 9B) also
need to be of a curved configuration. Also, the material for the
rotary shait 22 1s preferably an easily deformable matenal,
such as shape-memory alloys.

FIG. 6 shows an alternative construction of the connection
between the spindle guide section 3 and the drive unit housing
da, with the spindle guide section 3 and the drive unit housing
da being disconnected. Similar to the above described con-
struction, the connection 1n FIG. 6 also includes the flange
section 30 provided in the tip end of the spindle guide section
3 with the protrusion 50q of the flange section 50 mated to the
cavity 52 of the drive unit housing 4a. The drive unit housing
da 1includes a surface, contronting the spindle guide section 3,
formed with an annular protrusion 65. The annular protrusion
65 has an mner periphery surface to which the flange section
50 1s adapted to be fitted and an outer peripheral surface
formed with a first threaded portion 65a onto which a second
threaded portion 66a formed on the connection device 1n the
form of a nut member 66 1s threadingly mounted so as to
achieve a connection between the flange section 50 and the
drive unit housing 4a. The nut member 66 1s 1n the form of a
cap nut and includes a bottom portion having an opening or a
through hole 665 1n the center portion thereof and an annular
side wall having the second threaded portion 66a on an 1nner
periphery thereol. The spindle guide section 3 1s inserted nto
the opening 665, with a bottom surface around the opening
665 1n abutment with an end surface of the flange section 50
that may face away from the drive unit housing 4a. The nut
member 66 1s tightened through the first and second threaded
portions 65a and 664 so as to connect the flange section 50 to
the drive unit housing 4a. In this way, the tlange section 350 1s
fixedly sandwiched between the nut member 66 and the drive
unit housing 4a. The connection in FIG. 6 will also resultin an
enhanced detachment/connection operability of the spindle
guide section 3 relative to the drive unit housing 4a and will
also provide a simplified but inexpensive structure.

In view of the spindle guide section 3 being of a hollow
shape, a remote controlled actuator of the present mvention
can be provided with a cooling unit 70 for cooling the tool 1
or the like such as shown in FIG. 7. In other words, the cooling
umt 70 includes a coolant liquid supply device 71 provided
outside the remote controlled actuator and a coolant liquid
supply passage or tube 72 for supplying a coolant liquid, fed
from the coolant liquid supply device 71, towards the tip end
side through the interiors of the spindle gmide section 3 and
the distal end member 2 and 1s capable of discharging the
coolant liquid from a tip end of the distal end member 2
towards the tool 1 1n the axial direction. The coolant liquid
supply passage 72 1s made up of an outer passage portion 724,
extending from the coolant liquid supply device 71 to the
spindle guide section 3, and an inner passage portion 725
extending through the interiors of the spindle guide section 3
and the distal end member 2, and in the 1mnner passage portion
72b, the outer shell pipe 25 (FIGS. 2A and 2B) of the spindle
guide section 3 and the housing 11 (FIG. 2A) for the distal end
member 2 form the coolant liquid supply passage 72.

When the coolant liquid tlows through the mteriors of the
spindle guide section 3 and the distal end member 2, the
rotary shatt 22, the rolling bearings 26 and 29 and the spindle
13 are cooled. Those rotatable members tend to emit heat
under the mfluence of friction occurring during the rotation.
Also, by the action of the coolant liquid discharged from the
distal end member 2, the tool 1 and an article to be processed
are cooled. In this way, as a result of the flow of the coolant
liquid through the interiors of the spindle guide section 3 and
the distal end member 2, there 1s no need to provide the
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outside with any tube for the supply of the coolant liquid, and
therefore, the spindle guide section 3 and the distal end mem-
ber 2 can be simplified and downsized. In case that the amount
ol the coolant liquid flowing through the outer shell pipe 25 1s
not suificient, further coolant liquids may be supplied from
the outside to cool the tool 1 and/or the article to be processed.
It 1s to be noted that the coolant liquid may be concurrently
used for lubrication of the rolling bearings 26 and 29. By so
doing, there 1s no need to use any grease or the like that 1s
generally utilized in bearings and, moreover, there 1s no need
to employ an extra lubricating device.

The liguid coolant referred to above 1s preferably in the
form of water or physiological saline. If the liquid coolant 1s
employed 1n the form of water or physiological saline, the
liquid coolant will bring no adverse intluence on the living
body when the processing i1s performed with the distal end
member 2 inserted into the living body. Where water or physsi-
ological saline 1s employed for the liquid coolant, component
parts, with which the liquid coolant contacts, are preferably
made of stainless steel that 1s excellent 1n resistance to cor-
rosion. Any other component parts forming the remote con-
trolled actuator may be made of stainless steel.

The coolant unit 70 may be provided by configuring the
connection between the spindle guide section 3 and the drive
unit housing 4a such as shown in FIG. 8. In other words, in the
connection as shown in FIG. 4, a coolant liquid feed hole 73
1s provided in a thin-thickness section 506 of the flange sec-
tion 50 to connect the interior of the spindle guide section 3 to
the outside, and the coolant liquid feed hole 73 1s coupled
with the outer passage portion 72a of the coolant liquid sup-
ply passage 72 through a pipe joint 74. In this way, the coolant
liquid 1s fed from the outer passage portion 72a of the coolant
liquad supply passage 72 to the spindle guide section 3 1n such
a manner as 1indicated by an arrow illustrated in FIG. 8.

When the protrusion 50q of the flange section 50 1s fitted to
the cavity 52 of the drive unit housing 4a, a space 75 unoc-
cupied by the protrusion 50q 1s formed inside the cavity 52. In
other words, the space 75 1s formed at the connection between
the spindle guide section 3 and the drive unit housing 4a. A
pressurized air feed hole 76 1s provided to feed a pressurized
air into the space 75. A hole formed 1n the flange section 50 to
which the iside-guide-section portion 225 of the rotary shaft
22 1s 1nserted and the central through hole 53 to which the
inside-housing portion 22¢ of the rotary shatt 22 1s mserted
are sealed by respective seal members 77. The respective seal
members 77 may be, for example, sliding-contact bearings
supporting the inside-guide-section portion 226 and the
inside-housing portion 22¢ of the rotary shaft 22, respec-
tively. An O-ring 78 1s disposed between a base portion of the
protrusion 50a of the flange section 50 and an open end
portion of the cavity 52 of the drive unit housing 4a. By
feeding a pressurized air from the outside to the space 75
through the pressurized air feed hole 76 by means of, for
example, a pump, the space 75 forms a pressurized region
with a pressure higher than that of inside of the spindle guide
section 3 and higher than that of inside of the drive unit
housing 4a.

The pressurized region formed between the spindle guide
section 3 and the drive unit housing 4a will prevent coolant
liquids used 1n the spindle guide section 3 from entering into
the drive unit housing 4a. Configuring the space 73 at the
connection or the connecting portion, where the base end of
the spindle guide section 3 and the drive unit housing 4a are
connected, such that 1t forms a pressurized region will elimi-
nate the need to provide additional spaces for a pressurized
region, resulting in a simplified structure.
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FIGS. 9A and 9B show a second pretferred embodiment of
the present invention. A remote controlled actuator of this
embodiment includes differ from the first preferred embodi-
ment as shown i FIG. 2 1n that the outer shell pipe 25 of the
spindle guide section 3 has a uniform thickness. Within this
outer shell pipe 25, three guide pipes 30 are provided at
respective circumierential locations spaced 120° 1n phase
from each other and the attitude altering members 31 are
inserted within the guide hole 30a, each of which 1s an 1nner
diametric hole of each of the guide pipes 30, for advancement
and retraction. Between those three guide pipes 30, a plurality
ol reinforcement shafts 34 are arranged on the same pitch
circle diameter C as that of the guide pipes 30 1n an alternate
manner. The reinforcement shaits 34 are non-hollow, solid
shafts that ensure the rigidity of the spindle guide section 3.
The reinforcement shaits 34 along with the guide pipes 30 are
in contact with the inner diametric surface of the outer shell
pipe 25 and the outer diametric surfaces of the rolling bear-
ings 26 to support the diametric surfaces of the rolling bear-
ings 26. As for other features, the second preferred embodi-
ment 1s the same as the first preferred embodiment.

FIGS. 10A and 10B show a third preferred embodiment of
the present mvention. A remote controlled actuator of this
embodiment include a single guide pipe 30 between the inner
diametric surface of the outer shell pipe 25 of the spindle
guide section 3 and the rotary shait 22 and the guide pipe 30
has an inner diametric hole functioning as a guide hole 30a
within which an attitude altering member 31 1s 1nserted for
advancement and retraction. A plurality of reinforcement
shaits 34 similar to the second embodiment described above
are disposed, together with the guide pipe 30, in the same
pitch circle diameter C. Between a base end face of the
housing 11 ofthe distal end member 2 and a tip end face of the
outer shell pipe 25 of the spindle guide section 3, a restoring
clastic member 32 made of, for example, a compression coil
spring, 1s arranged at a location spaced 180° degrees circum-
terentially 1n phase from the circumierential location where
the attitude altering member 31 1s positioned. The restoring
clastic member 32 biases the distal end member 2 towards a
predetermined attitude. The guide faces F1 and F2 are spherti-
cal surfaces each having the center of curvature lying at the
point O or cylindrical surfaces each having a lateral X-axis as
a longitudinal axis passing through the point O. As for other
teatures, the third preferred embodiment 1s the same as the
first preferred embodiment.

FIGS. 11A and 11B show a tool rotating drive mechanism
4b and an attitude altering drive mechamsm 4c¢ for the remote
controlled actuator according to the third embodiment. The
attitude altering drive mechanism 4¢ includes a single altering
drive source 42 and the force increasing and transmitting
mechanism 43 has a configuration for a single attitude alter-
ing member 31. The tool rotating drive mechanism 4 has the
same configuration as that shown 1 FIGS. 3A and 3B.

The alteration of the distal end member 2 1n attitude may be
performed as described below. By way of example, if the
attitude altering member 31 1s advanced by the attitude alter-
ing drive source 42 1n a direction towards the tip or distal side,
the housing 11 for the distal end member 2 1s pressed by the
attitude altering member 31 with the distal end member 2
consequently altered 1n attitude along the guide faces F1 and
F2 so that the tip or distal side can be oriented downwardly as
viewed 1n FIG. 10A. If the attitude altering member 31 1s
conversely retracted by the attitude altering drive source 42,
the housing 11 for the distal end member 2 1s pressed back-
wardly by the effect of the elastic repulsive force exerted by
the restoring elastic member 32 and, consequently, the distal
end member 2 1s altered 1n attitude along the guide faces F1
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and F2 so that the tip or distal side can be oriented upwardly
as viewed 1 FIG. 10A. At this time, a pressure from the
attitude altering member 31, the elastic repulsive force from
the restoring elastic member 32 and a reactive force from the
constraint member 21 are applied to the distal end member
coupling unit 15 and, depending on the balance of those
applied forces, the attitude of the distal end member 2 is
determined. The attitude of the distal end member 2 1is
detected by the attitude detector 46 from the detection value
of the operating amount detector 45. For this reason, the
attitude of the distal end member 2 can be properly controlled
by remote control.

FIGS. 12A and 12B 1illustrate a fourth preferred embodi-
ment of the present invention. The remote controlled actuator
according to this fourth embodiment includes two guide pipes
30 spaced 180 degrees 1n phase relative to each other within
an outer shell pipe 25 and each of the guide pipes 30 has an
inner diametric hole functioning as a guide hole 30a within
which an attitude altering member 31 1s imserted for advance-
ment and retraction. Between those two guide pipes 30, a
plurality of reinforcement shafts 34 are arranged on the same
pitch circle diameter C as that of the guide pipes 30. No
restoring elastic member 32 1s provided. The guide faces F1
and F2 are spherical surfaces each having the center of cur-
vature lying at the point O or cylindrical surfaces each having,
a lateral X-axis as a longitudinal axis passing through the
point O.

The drive unit 4 (not shown) 1s provided with two attitude
altering drive sources 42 (not shown) for selectively advanc-
ing and retracting respective attitude altering members 31 so
that when those two attitude altering drive sources 42 are
driven 1n respective directions opposite to each other, the
distal end member 2 can be altered in attitude. By way of
example, when the upper attitude altering member 31 shown
in F1G. 12 A 1s advanced towards the tip end side and the lower
attitude altering member 31 is retracted, the housing 11 for
the distal end member 2 i1s pressed by the upper attitude
altering member 31 and, therefore, the distal end member 2 1s
altered 1n attitude along the guide surfaces F1 and F2 with the
t1ip end side oriented downwards. Conversely, when both of
the attitude altering members 31 are driven 1n the directions
opposite thereto, the lower attitude altering member 31 urges
the housing 11 for the distal end member 2 to allow the distal
end member 2 to alter 1n attitude along the guide surfaces F1
and F2 with the distal end side oriented upwardly as viewed 1n
FIG.12A. At this time, the pressures from the upper and lower
attitude altering members 31 and a reactive force from the
constraint member 21 act on the distal end member connect-
ing unit 15 and, accordingly, the attitude of the distal end
member 2 1s determined in dependence on the balance of
those working forces. According to this construction, since
the housing 11 for the distal end member 2 1s pressed by the
two attitude altering members 31, as compared with the pre-
viously described embodiment in which it 1s pressed by a
single attitude altering member 31, the attitude stability of the
distal end member 2 can be increased.

FIGS. 13A to 13C illustrate a fifth preferred embodiment
of the present invention. The remote controlled actuator
according to this fifth embodiment 1s such that the base end
tace 116 (FIG. 13C) of the housing 11 for the distal end
member 2 1s formed with a radial groove portion 11c¢ (as best
shown 1n FIG. 13C) and the spherical tip end of the attitude
altering member 31 1s held in contact with a bottom face of the
radial groove portion 11c¢. This radial groove portion 11c
cooperates with the attitude altering member 31 to form a
rotation preventing mechanism 37 and, accordingly, when the
tip end portion of the attitude altering member 31, then
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inserted into the radial groove portion 11¢, contacts a side
face of the radial groove portion 11¢, the distal end member 2
can be prevented from rotating about the center line CL of the
spindle 13 relative to the spindle guide section 3.

Such a rotation preventing mechanism 37 will prevent,
even when the distal end member 2 holding the tool 1
becomes out of control due to, for example, a failure in the
attitude altering drive mechanism 4¢ (FI1G. 11A) or a control-
ler for the mechanism 4c¢, rotation of the distal end member 2
about the center line CL that may unintentionally damage the

vicinity of the location to be worked and prevent the fracture
in the distal end member 2 itself. It should be noted that FIG.

13 A shows an example 1n which the remote controlled actua-
tor includes a single attitude altering member 31, but the
above discussion equally applies to cases in which the remote
controlled actuator includes a plurality of attitude altering
members 31.

In the atorementioned embodiments, the base end face 115
of the housing 11 for the distal end member 2, where an
attitude altering member 31 contacts, 1s rendered to be an
inclined face having its outer diametric side closer to the side
of the spindle guide section 3, and the inclined face has a
straight shape in cross section. Alternatively, however, the
inclined face may have a curved shape 1n cross section such as
in a sixth preferred embodiment shown in FIGS. 14A and
14B, for example, an arcuate shape. Possibly, the base end

tace 1156 of the housing 11 for the distal end member 2 may be
rendered to be a face extending perpendicular to the direction
of advancement/retraction of the attitude altering member 31,
instead of the aforementioned inclined face. It should be
noted that FIGS. 14A and 14B show an example 1n which the
remote controlled actuator includes the single attitude alter-

ing member 31, but the above discussion equally applies to
cases 1n which the remote controlled actuator includes a plu-
rality of attitude altering members 31.

Although 1n the aforementioned embodiments, the attitude
altering member 31 includes the wire 31a and the pillar
shaped pin 315 provided at the opposite ends of the wire 314,
the attitude altering member 31 may be constituted solely by
a single wire 31a with the pillar shaped pin 315 dispensed
with. Furthermore, the attitude altering member 31 may be
constituted by, mstead of such a wire 31a, a plurality of
juxtaposed pillar members or spherical members, each of
which 1s relatively short in length along a longitudinal direc-
tion of the attitude altering member 31.

Although the present invention has been fully described as
applied to the remote controlled actuator for medical use, the
present mnvention can be equally applied to the remote con-
trolled actuator for any other use than the medical use. By way
of example, 11 1t 1s designed for use 1 machine processing,
drilling to form a curved hole and cutting at a site deep 1nto the
groove can be accomplished.

Although the present invention has been fully described 1n
connection with the preferred embodiments thereof with ret-
erence to the accompanying drawings which are used only for
the purpose of illustration, those skilled 1n the art will readily
conceive numerous changes and modifications within the
framework of obviousness upon the reading of the specifica-
tion herein presented of the present invention. Accordingly,
such changes and modifications are, unless they depart from
the scope of the present invention as delivered from the claims
annexed hereto, to be construed as included therein.
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DESCRIPTION OF
REFERENCE NUMERALS
1 Tool
2: Distal end member
3: Spindle guide section
4a: Drive unit housing
5: Controller
13: Spindle
15: Distal end member connecting unit
22: Rotary shaft
22a; Projection
22b: Inside-guide-section portion
22¢: Inside-housing portion
26, 29: Rolling bearing
30: Guide pipe
30a: Guide hole
31: Attitude altering member
41: Tool rotating drive source
42: Attitude altering drive source
50: Flange section
51: Bolt (Connection device)
57: Phase alignment mechanism
60: Coupling
65: Annular protrusion
66: Nut member
66b: Opening
70: Cooling unit
75: Space

What is claimed 1s:

1. A remote controlled actuator comprising;:

a drive unit housing including a tool rotating drive source;

a spindle guide section of an elongated configuration, a
base end of the spindle guide section being connected to
the drive unit housing; and

a distal end member fitted to the spindle guide section
through a distal end member connecting unit for alter-
ation 1n attitude,

wherein the distal end member rotatably supports a spindle
for holding a tool;

the spindle guide section includes a rotary shaift for trans-
mitting rotation of the tool rotating drive source to the
spindle, a guide hole extending to opposite ends of the
spindle guide section, and an attitude altering member
reciprocally movably inserted within the guide hole for
altering the attitude of the distal end member;

the attitude altering member includes a tip end held 1n
contact with the distal end member which 1s configured
to selectively advance or retract;

an attitude altering drive source for selectively advancing,
or retracting the attitude altering member 1s provided
within the drive unit housing;

a connection device 1s provided for detachably connecting
the spindle guide section with the drive unit housing; and

a space 1s formed between the spindle guide section and the
drive umt housing, the space being configured to be
filled with a pressurized air and form a pressurized
region with a pressure higher than that of iside of the
spindle guide section and higher than that ol inside of the
drive unit housing, the space including a pressurized air
feed hole configured to feed the pressurized air into the
space,

wherein the spindle guide section includes an end portion
proximal to the drive unit housing, the end portion being
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provided with a flange section detachably connected to
the drive unit housing, the flange section having a pro-
trusion,
the protrusion of the flange section 1s fitted to a cavity
provided 1n the drive unit housing.
2. The remote controlled actuator as claimed 1n claim 1,
wherein the rotary shait includes an iside-guide-section por-
tion disposed 1n the spindle gmide section and an 1nside-

housing portion disposed 1n the drive unit housing, and
the inside-guide-section portion and the inside-housing
portion are coupled by a coupling so as to be detachable
from each other 1n an axial direction of the rotary shait
and to transmit a rotation about an axis of the rotary
shatft.

3. The remote controlled actuator as claimed 1n claim 1,
wherein

an empty space mside the cavity, unoccupied by the pro-

trusion, defines the space forming the pressurized
region.

4. The remote controlled actuator as claimed 1n claim 3,
wherein the connection device includes a plurality of bolts
that connect the flange section with the drive unit housing.

5. The remote controlled actuator as claimed 1n claim 3,
wherein the drive unit housing includes a surface, that faces
the spindle guide section, formed with an annular protrusion,

the annular protrusion has an inner periphery to which the

flange section 1s mated and an outer periphery having a
threaded portion, and

the connection device includes a nut member having a

bottom portion provided with an opening in the center
portion thereof, into which opening the spindle guide
section 1s 1nserted, and a bottom surface around the
opening for abutment to an end surface of the flange
section that faces away from the drive unit housing, the
nut member being threadingly mounted onto the
threaded portion so as to connect the flange section with
the drive unit housing.

6. The remote controlled actuator as claimed 1n claim 1,
further comprising a phase alignment mechanism for aligning
phases of the spindle guide section and of the drive umt
housing about an axis of the rotary shaft with each other, the
phase alignment mechanism being disposed at a connecting
portion where the spindle guide section and the drive umit
housing are connected.

7. The remote controlled actuator as claimed 1n claim 1,
turther comprising:

a bearing for rotatably supporting the rotary shait within

the spindle guide section; and

a cooling unit provided for cooling the bearing with a

coolant liquid flowing 1nside the spindle guide section.

8. The remote controlled actuator as claimed 1n claim 1,
turther comprising a cooling unit for cooling the tool with a
coolant liquid flowing inside the spindle guide section or with
a coolant liquid supplied from an outside.

9. The remote controlled actuator as claimed 1n claim 7,
wherein the coolant liguid includes water or saline.

10. The remote controlled actuator as claimed 1n claim 8,
wherein the coolant liquid includes water or saline.

11. The remote controlled actuator as claimed 1n claim 1,
wherein the spindle guide section includes a curved portion.
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